ABSTRACT. Forty polymorphic microsatellite loci were developed from Crassostrea hongkongensis using an enriched partial genomic library with magnetic beads. The polymorphism of these loci was assessed in 30 individuals from a wild population. The allele number of the polymorphic markers ranged from 2 to 13, with an average of 5.8 per locus. The polymorphism information content ranged from 0.032 to 0.891 and 37 loci presented a medium or high level of polymorphism. The observed and expected heterozygosity values ranged from 0.033 to 1.000 and 0.033 to 0.931, respectively. Of the 40 loci, 28 were found to conform to Hardy-Weinberg equilibrium (HWE), whereas the remaining 12 showed a significant departure from HWE. The availability of these markers will aid future genetic studies in C. hongkongensis.
INTRODUCTION
The Hong Kong oyster (Crassostrea hongkongensis) is an economically important marine species that primarily occurs in waters along the coast of the South China Sea (Lam and Morton, 2003) . In recent years, the rising consumption of oyster products and the decline of natural resources have led to increasing aquaculture practices of this species. Oyster farming of C. hongkongensis has been supporting one of the largest marine aquaculture industries in this area (Yu et al., 2008) . As the extensive cultivation practice has proceeded, farming of C. hongkongensis has experienced some problems, including a decline in wild seed quantity and quality, and increased seasonal mortality (Xia et al., 2009) . Therefore, enhanced stock management and genetic improvement of this species are greatly desired in the industry. Microsatellite markers are useful for the applications mentioned above (McGoldrick et al., 2000; Liu and Cordes, 2004) . However, few microsatellite loci have been reported in this species (Xia et al., 2009; Li and Yu, 2010; Xiao et al., 2011; Zhao et al., 2015) and more loci are required to enable further work such as genetic mapping and trait improvement studies. Here, we described the development and characterization of 40 new polymorphic microsatellite loci for C. hongkongensis, which will be a useful tool in future studies of this species.
MATERIAL AND METHODS
A microsatellite-enriched genomic library was constructed following the protocol described by Carleton et al. (2002) . Genomic DNA for constructing the enriched library was extracted from ethanol-preserved muscle obtained from Zhuhai Hengqin Island, Guangdong Province, using standard proteinase-K digestion and a phenol/chloroform protocol with RNase treatment. Genomic DNA was digested with restriction enzyme Sau3AI (Promega, Madison, WI, USA), and 400-to 1000-bp fragments were recovered from a 1% agarose gel using the MinElute Gel Extraction Kit (TaKaRa, Dalian, China). Fragments were then ligated to a blunt-end adapter (SAULA: GATCGTCGACGGTACCGAATTCT, SAULB: GTCAAGAATTCGGTACCGTCGAC) with T4 DNA ligase (TaKaRa). The ligation products were amplified by polymerase chain reaction (PCR) using the adapter SAULA as primers. Enrichment was performed using the Streptavidin MagneSphere Paramagnetic Particles Kit (Promega) with biotinylated probes (CAT) 12 GCTTGA-Biotin and (GAT) 12 GCTTGA-Biotin. Amplified fragments were denatured and hybridized to biotin-labeled dinucleotide repeats in 6X SSC/0.1% SDS at 58°C for 1 h. The DNA that had hybridized to the probes was then captured on streptavidin-coated magnetic beads and washed to remove unbound fragments. To release the probe, the enriched DNA was denatured in 0.1X TE at 95°C, and was subsequently amplified with PCR using SAULA as primer. To achieve sufficient flanking region sequences, PCR products ranging from 400 to 900 bp were excised from the agarose gel and recovered. These fragments were ligated with pMD19-T (TaKaRa) at 16°C for 10 h. Positive clones were identified from the recombinant colonies via PCR using M13 primers and (CAT) 12 for CAT-repeats and (GAT) 12 for GAT-repeats. The positive clones that showed double or multiple bands were cultured overnight in LB medium containing ampicillin and sequenced with an ABI 3730 XL (Applied Biosystems, Foster City, CA, USA).
We detected 170 microsatellite-containing sequences, 98 of which contained sufficient flanking sequence for primer design. The designed primers were evaluated using 30 individuals from a wild population collected from Zhuhai Hengqin Island, Guangdong Province. The PCR was performed in a volume of 10-µL reactions containing 0.25-0.5 U Taq polymerase (Tiangen, Beijing, China), 1X PCR buffer, 1.0-2.0 mM MgCl 2 , 0.2 mM dNTPs, 0.2-1 µM each primer, and 20-100 ng total DNA. The PCR conditions were as follows: initial denaturation at 95°C for 5 min; 30 cycles of 94°C for 30 s, a primer-specific annealing temperature for 30 s, and 72°C for 1 min; followed by a final extension at 72°C for 10 min. The PCR products were examined with electrophoresis on 8% non-denaturing polyacrylamide gel and visualized with silver staining. A 10-bp DNA size standard (Invitrogen, Carlsbad, CA, USA) was used as a reference marker for allele size determination. Allele size was determined using the software Gel-Pro Analyzer v. 4.5. The polymorphism information content (PIC) was estimated with PIC-CALC v. 0.6. The number of alleles, heterozygosity, deviation from Hardy-Weinberg equilibrium, and linkage disequilibrium were analyzed using GENEPOP v. 3.4 (Raymond and Rousset, 1995) .
RESULTS AND DISCUSSION
Of the 98 primers designed, 76 consistently generated clear and specific products, and 40 primers were polymorphic. Of the 40 polymorphic loci, twenty-six loci were perfect tri-nucleotide repeats or compound motifs, whereas fourteen loci were di-nucleotide repeats (Table 1 ). The allele number of these markers ranged from 2 to 13 with an average of 5.8 per locus. The locus Ch521 was the most polymorphic with 13 distinct alleles, whereas four loci were the least polymorphic with 2 alleles. The PIC ranged from 0.032 to 0.891 and 37 loci presented a medium or high level of polymorphism according to the Weber (1990) standard. The observed and expected heterozygosities ranged from 0.033 to 1.000 (mean 0.590) and 0.033 to 0.931 (mean 0.675), respectively (Table 1) . Twelve loci (Ch501, Ch505, Ch507, Ch512, Ch514, Ch516, Ch519, Ch521, Ch526, Ch527, Ch535, and Ch540) showed significant deviations in the observed genotype frequencies from Hardy-Weinberg equilibrium, after Bonferroni correction. Six pairs of loci (Ch524 and Ch506, Ch514 and Ch533, Ch514 and Ch535, Ch535 and Ch533, Ch534 and Ch517, and Ch516 and Ch517) showed significant linkage disequilibrium (P < 0.01). In addition to the published microsatellite markers, 214 SNPs have been found to be transferable to C. hongkongensis (Zhong et al., 2014) . All available microsatellite and SNP markers will be useful for linkage mapping and genetic improvement of this species. 
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